INTRODUCTION
Olive is considered the most important tree fruit crop in the world, especially in Mediterranean countries due to its oil production. The most popular variety among 30 species of Olea which is abundantly found in the Mediterranean region is Olea europaea L. 1, 2 . Due to its nutritional value, ed and polyunsaturated fatty acids oleic acid, palmitic acid, linoleic acid, linolenic acid which reduce the risk of cardiovascular diseases and play an important role in regulation of blood cholesterol level 5 7 . The other minor components present in EVOO are minerals and phenolic compounds having antioxidant and antimicrobial effects, which contribute in defending against diseases like cancer and atherosclerosis 8, 9 .
Approximately 90 of olive fruits are used for oil production annually. Spain, Italy and Greece are the largest producers of olive oil. Turkey and Tunisia are the fourth largest producers of olives. The other major producers of olive oil are Argentina and United States 10 12 . The wild olive cultivars present in Pakistan are Olea cuspidata and Olea ferruginea which are grown in the areas of Khyber Pakhtunkhwa KPK which was previously known as the North-West Frontier Province NWFP, Punjab and Balochistan 13, 14 . Italian government funded project Promotion of oil cultivation for economic development and poverty elevation O. europaea is planted in different areas of Pakistan. The main objective of this project is to increase olive cultivation through new plantation in Balochistan, KPK, and Federally Administered Tribal Areas FATA and Potohar areas of Pakistan. In Balochistan olive is cultivated in Quetta, Zhob, Loralai, Baghbana and Wadh districts/ areas, which are considered as suitable for olive growth 15 .
Several studies have been conducted in Italy, Tunisia, China, and Turkey regarding the chemical composition of olive oil with respect to geographical origin and climate on various cultivars of O. europaea in order to enhance the quality and commercial value of EVOO 5, 12, 16 . However, no data is available which can reveal the chemical composition and quality of EVOOs produce from different cultivars of O. europaea grown in specific areas of Balochistan. The aim of present study was to determine the bioclimatoligical effects on biochemical properties of olive oil extracted from different cultivars of O. europaea when grown in Balochistan and to select well-characterized cultivars in the grown area with well-balanced oil composition.
EXPERIMENTAL

Sample collection
Olives from seven O. europaea cultivars Frantoio, Ottobrattica, Pendolino, Leccino, Maurialo, Maurino and Coratina were collected from different agriculture centers located in different districts/areas of Balochistan Quetta, Zhob, Loralai, Baghbana and Wadh by random sampling technique. The fruits were harvested by hand in October 2016 and transferred to laboratory where the monocultivars from different locations were mixed and stored till oil extraction.
Oil extraction
Oil was extracted with slight modification, mono varietal olive fruits were destoned first and then crushed into a hammer mill available in the laboratory. The olive paste was mixed at 25 for 25 minutes to obtain the paste and during this process water was not use. The oil was extracted from olive paste by centrifugation at 5000 rmp 17, 18 . The extracted oils from seven selected cultivars and one multivarietal oil mixture of O. europaea available at local markets were stored in dark bottles at 4 until analysis.
Fatty Acid composition
The composition of fatty acids was evaluated after preparation of fatty acid methyl ester FAME as described by official method of Europaean Union Commission Regulation 2568/91 19 . FAME was prepared by saponification of 0.2 g of oil samples in 1.5 ml of hexane and 0.5 ml of 1N methanolic solution of KOH by shaking vigorously for 5 min. Consequently, 0.5 ml of supernatant was isolated and dissolved in 2 ml of hexane. The analysis was conducted on Gas Chromatography GC Agilent 6890N consist of a capillary column SP-2340 60 m 0.25 mm i.d., 0.2 μm f.t., Supelco , flame ionization detector FID and nitrogen as a carrier gas. Programmed temperature was maintained for separation in column 110 was kept for 5 min, then reach up to 150 for 16 min by increasing temp 3 /min, then maintained temp at 230 for 27 min by rising 4 /min and 260 was programmed for FID. The identification of fatty acids was done by comparing retention time with standard compounds and results were expressed as relative percentages of each fatty acid.
Analysis of Tocopherols
The α, β, γ and δ tocopherol in olive oil samples were determined according to IUPAC 1987 with slight modification 20 . 5 g of olive oil was mixed in hexane making a volume up to 10 ml and filtration of solution was carried out through PTFE filter 0.2 μm, 25 mm, Whatman . The analysis was performed on HPLC Agilent 1100 which consist of a Zorbax NH 2 column 25 cm 4.6 mm i.d., 5 μm particle size and fluorescence detector with a wavelength 295 nm and 325 nm . Sample of 20 μl was injected by using isocratic mobile phase of hexane: ethyl acetate 80:20 at a flow rate of 2 ml/min. The results were compared with standards and expressed in mg of α, β γ and δ tocopherol per kg of oil.
Phenols analysis
Analysis 
Total Phenol content
Total phenolic content in olive oil samples was analyzed by Foiln-Ciocalteau method with slight modification 22 . The equipment used for total phenol analysis was Shimadzou UV spectrophotometer 1601 using gallic acid as a reference compound. The results were expressed as mg of gallic acid per kg of olive paste.
Statistical analysis
The analysis of all parameters in extracted olive oil samples from selected cultivars were performed in triplicates. IBM SPSS statistics version20 was applied to analyze data. One way ANOVA, using Tukey test was applied to evaluate the significant differences at a level of p 0.05 among means. Principal component analysis PCA was performed by using MVSP version 3.22 on parameters investigated in eight olive oil samples in order to distinguish the principal components among cultivars and separation of cultivars in groups on the bases of parameters investigated. Through PCA geographical influence on selected O. europaea cultivars was also determined by comparing olive oil compositional data with those from the same Italian cultivars grown at their original and/or different area.
RESULTS AND DISCUSSION
Fatty acid composition
The mean value of fatty acids in olive oil extracted from selected olive samples are shown in Table 1 . Among monounsaturated fatty acids MUFAs oleic acid was found in considerable amount in all olive oil samples ranged between [65] [66] [67] [68] [69] [70] [71] [72] [73] . The other MUFAs present in smaller quantities were also identified ranged between palmitoleic C16:1, 0.72-1.4 , heptadecenoic acid C17:1, 0.06-0. 19 and eicosenoic acid C20:1, 0.03-0.09 . Among saturated fatty acids SFAs palmitic acid C16:0 was found in higher amount ranged between [12] [13] [14] [15] [16] . The other SFAs detected in very small amount were stearic acid C18:0 ranged between 1.4-2.3 , myristic acid C14:1, 0.01-0.03 and arachidic acid C20:0, 0.09-0.2 . The major polyunsaturated fatty acid PUFA was linoleic acid 16, 27 . However, observed contents of linolenic acid in all studied samples were in disagreement with other studies where it was found to be above 1 , which was higher compared to the established limit for linolenic acid in EVOO 16, 27 . Considerable differences were observed for fatty acids profile of all extracted oils when compared with those obtained from the same Italian cultivars growing at their original areas. The oils from introduced cultivars showed lower oleic acid and higher linoleic acid percentage when compared with those oils obtained from the same cultivars grown in Italy which showed greater amount of oleic acid and lower amount of palmitic acid and linoleic acid 28, 29 .
The bioclimatological effect was observed regarding fatty acids composition by comparing the similarities and differences among olive oils of same Italian cultivars but different localities. The obtained results are in agreement with the recent studies in which the authors also reported that the climate especially temperature, altitude and rain fall affects the fatty acid composition 25 27, 30 . The present findings are also in agreement with previous studies which showed that Italian cultivars did not fully preserved their original fatty acid composition. The studied cultivars showed close values when they were compared with same Italian cultivars grown either at their original region or at other countries like Tunis, Syria, Turkey and Iran. The most important factor regarding fatty acid composition in oil samples extracted from olives grown in Balochistan could be the difference in temperature as compared to Europaean Mediterranean Basin. The warmer temperature, mainly decrease oleic acid content and increase palmitic and linolenic acids content 27, 28, 30, 31 .
Tocopherol and total phenol
Tocopherols are considered the natural antioxidants and their concentration depends on olive variety which normally ranged between 100-300 mg/kg in EVOO 32 . Tocopherols α, β γ , δ and total phenol contents in studied olive oil samples from selected cultivars are given in Table 2 . Tocopherol α amount was found in highest concentration in all studied samples ranged 60-408 mg/kg , whereas the β Values are expressed as mean±SD in mg/kg The different superscripts (a-h) on value showed significant difference (p < 0.05).
γ and δ concentrations do not exceed 100 mg/kg of oil. Consequently, the β γ -tocopherols fraction in fact dominated by β-tocopherol, and lack of separation does not introduce a significant error into the quantification of γ-tocopherol. These findings are similar when compared with previous reported studies 32, 33 . Tocophrols β γ and δ were ranged 4. 
Phenolic composition in olive oil samples
Olives and olive oil, especially EVOO, considered as a good source of natural antioxidants such as phenolic acid, phenolic alcohols, secoiridoids, flavonoids and lignans 36 . Table 3 shows the phenolic compounds identified in the studied cultivars which showed significant differences p 0.05 . The identified phenols in all oils from studied samples were phenolic acids, phenolic alcohols, secoridoids and flavonoids. The most abundant phenolic compounds present in EVOO, oleuropein, secoiridoids 3,4-DHPEA-EA, 3,4-DHPEA-EDA, HPEA-EDA, HPEA-EA and flavonoids, while phenolic alcohols and phenolic acids were present in low amounts. These findings are in consistent with previously published data based on the results of various studies carried out on olive oils 30, 34 36 . All phenolic compounds identified were within the range and fulfilled the requirement of virgin olive oil except lignans, which showed slightly lowered values 38 . Tyrosol and hydroxytyrosol were the main phenolic alcohols found in all oil samples of selected cultivars, which were also reported in previous study 35 . 34 . The phenolic composition in all extracted olive oil samples showed great variation, which could be due to different variety, harvesting date and climate.
Principal component analysis
The variability in the obtained data was explained by the first principal component, which comprises the maximum amount of variance in the data followed by second and third principal components. PCA was conducted to obtained fatty acids and phenolics profile in order to examine the differentiation between seven monovarietal and one multi-varietal mixture olive oils. The data obtained from monovarietal oil was also compared with previous reported data of the same cultivar but different growing location in order to determine the climate effect on cultivars grown in Balochistan 29 .
The Euclidean biplot obtained from the PCA is displayed in Fig. 1 explain the effect of cultivars on fatty acid composition. Four principal components with significant eigenvalue were identified, the first component PC1 showed the highest eigenvalue 11.5 described maximum difference in the data set, followed by eigenvalues for PC2 5.7 , for PC3 2.7 and for PC4 1.3 . These four principal components showed a contribution of 95.531 to its total variance. The PC1 showed maximum variance with 54.33 , PC2 explained 27.19 followed by PC3 8.1 and PC4 5.2 . According to Fig. 1 the olive oil samples from selected cultivars were represented as dependent variables while, fatty acids in oil were represented as independent variables. Arrows were drawn from the joint centered ordination axis to the points representing each variable. The first compo- Figure 2 shows that cultivar Coratina grown at Balochistan, Tunisia and at Argentina was characterized by palmitic and linoleic acid, while Coratina grown at Italy was highly correlated with oleic acid. Similar findings were observed in case of Leccino as shown in Fig. 3 in which Italian cultivar contain the highest amount of oleic acid and MUFAs/PUFAs values. Figure 4 shows the fatty acid composition by PCA in Frantoio grown at Italy, Tunisia and at Balochistan were well characterized by oleic acid while, Frantoio grown at Argentina was correlated with palmitic acid and PUFAs. These results showed that location effect the fatty acid composition this finding cultivation. The overall findings of the present study are in agreement with previous study in which the authors analyzed data through PCA and it was reported that change in location does effect fatty acid composition of different olive cultivars 12 . Similarly, the second component PC2 positively correlated with, vanillin, vanillic acid, 3,4-DHPEA-EDA, while negativily corelated with, oleuropin and D-lig-aglycon. PCA elucidation plots divide cultivars into two main groups. Morialo, Pendolino and Maurino were correlated wih phenolic acids, hydroxytyrosol, flavonoids and secoiridoids, while Frantoio, Ottobrattica, Coratina and multi-varietal mixture and Leccino were correlated with oleuropin, tyrosol and D-ligaglycon. However, considerable variations in results obtained revealed that the amount of individual phenolic content is cultivar-dependent. The results of this study are in good agreement with those previously reported studies on phenolic profiles by multivariate statistical analysis PCA where the authors described that in addition to different cultivars, other factors like harvesting date, humidity, rainfall, temperature and storage time also affect the change in phenolic profile 39, 40 .
CONCLUSION
The present study was conducted to determine the fatty acids, tochopherols and phenolic profile of olive oils extracted from seven different cultivars of O. europaea planted and are grown at different areas of Balochistan province and to collect beneficial information regarding the quality of monovarital oil samples. The obtained results showed that the composition of different studied parameters in olive oil samples fulfills the established criteria of EVOO. The statistical analysis by One-Way ANOVA and PCA revealed distinct differences among different cultivars regarding their biochemical profile. It was concluded from the results that the geographic location had a significant impact on the chemical composition of olive oil. However, few differences related to the composition of fatty acids oleic, linoleic and palmitic acids and phenolic compounds were due to the change of tempaerature, moisture and altitude. Olive oils of the Frantoio, Morialo and Coratina cultivars contain the highest amount of monounsaturated fatty acids and polyunsaturated fatty acids MUFAs/PUFAs and Morialo and Maurino cultivars are rich in antioxidant compounds. Among all the studied cultivars Moraiolo showed good climatic adaptability and preserve its unique characteristics. The obtained results shows that the climatic conditions of Balochistan, the southwestern province of Pakistan are suitable for olive cultivation. It is therefore, recommended that the Government of Pakistan should pay more attention to the cultivation of olives as a low delta crop in suitable areas of Balochistan in order to meet the growing demand for edible oil and to improve economic growth of the country.
